INTRODUCTION
Shorelines of the tropical and subtropical world are marked with mangrove vegetation. The coastal environments as well as the habitant privilege the enormous productive and protective abilities of mangrove ecosystem, the estimated commercial assessment of which is approximately US$186 million yearly (FAO 2007) . Mangrove forests across the globe are being exploited by various natural phenomenon and anthropogenic compulsions (Giri et al 2011) . Total coverage of mangrove forest worldwide is estimated at 15.6 million hectares as of 2010, which is down from 1990 estimate of 16.1 million hectares (FAO 2010) . This is happening when it is evident that mangroves provide front line defense from sea rainstorms and coastline floods (Spalding et al 2014 , Marois & Mitsch 2015 .
Sundarbans mangrove forest in the Indian subcontinent has the highest species richness in the world. The Indian Sundarbans, situated between 21° 32' -21° 55' N latitude and 88° 42' -89° 04' E, covers approximately 1852 Km ,area that is current shrinking at a rate estimated 2 at 3% per year (Ghosh et al 2015) . Environmental events, such as silt deposition in the river bed and decrease in sweet water influx in the estuaries along with some anthropogenic effects led to the increase in substrate salinity in the Sundarbans region (Dasgupta et al 2014) . Soil salinity in Sundarbans was recorded to be 27 ppt (Nandy et al 2007) . Such factors have devastating results to some mangrove taxa (Parani et al 2000) . Some plants like Heritiera fomes, Xylocarpus granatum, X. mekongensis and, Nypa fruticans, Aegialitis rotundifolia are on the verge of extinction (IUCN Red list 2016) .
Reactive Oxygen Species (ROS), an inevitable byproduct of metabolism (respiration and photosynthesis), are produced in mitochondria, peroxisomes and chloroplast in plants (Sharma et al 2012) . Bhattachrjee (2005) reported that almost 1-2% of oxygen taken up by plants is channelized to the production of ROS. Electron is leaked out of the photosynthetic electron transport chain to molecular O , forming reduced Havaux 2009) . ROS plays a substantial role as signaling molecule in plants regulating various active processes, ie growth and development, responding to various abiotic and biotic environmental stresses and programmed cell death (Miller et al 2007) . Abiotic stress includes Plant cells in order to endorse proper growth and development need to , , maintain cellular homeostasis by scavenging the excess ROS. Whether the role of ROS would be damaging, protective or signal transduction depends on the delicate balance in the plant cell between ROS production and detoxifying at the appropriate time and point (Gratao et al 2005) .
The aggravate production of ROS in plants during stress is now well evident (Imaly 2003) . High temperature, salinity, metal ions, extreme irradiation, and water logging are considered as different mode of abiotic stress (Nakashima et al 2014) . This excess ROS, if unattended, leads to irreversible damage to carbohydrate, protein, nucleic acid and lipid cause apoptosis of the cell (Sanchez et al 2014) .
Excess substrate salinity is one of the critical factors in mangrove sustainability. Plants face difficulty in water and nutrients uptake from the soil as high deposition of salt in the substrate leads to low water potential in soil that causes physiological draught (Mahajan & Tuteja 2005) . Major hostile effect of saline stress on plants include ionic and osmotic imbalance, disorganization of cell membrane, reticence of cell division and growth, diminution in photosynthesis and augmented production of ROS (Donglar et al 2010) . To combat this situation plants have evolved certain mechanisms in order to achieve sustainability. They accumulate low molecular proteins and compatible organic solutes such as proline and betain in the cytoplasm for osmotic adjustments. Plants either use ion transporters to extrude salt through the plasma membrane (Shi et al 2000) or use tonoplast transporters to keep them in vacuoles (Gaxiola et al 1999) . To encounter increased ROS production, plants activate antioxidant enzymes and potent secondary metabolites (Parida et al 2004 , Dasgupta et al 2010 .
Mangrove vegetation constantly confronts hostile environmental conditions. In such stressed condition, enhanced production of ROS in plant cells have to scavenge hypothetically for proper growth of the plants.
In that context, we assessed the concentration of antioxidant secondary metabolites (i.e. Tannin and Proanthocyanidin) and the different radical scavenging ability of five mangrove species collected from five different Sites in the Indian Sundarbans with varying salinity. Among the five taxa, three species (i.e. and Excoecaria agallocha, Bruguiera gymnorrhiza Phoenix paludosa) are growing profusely in the Indian Sundarbans whereas the other two, ( and are on Xylocarpus granatum Heritiera fomes) the verge of extinction. The main objective of the study was to quantify the extent of adaptability of five species in the high saline Indian Sundarbans area in relation to comparative antioxidant scavenging ability in different species.
MATERIALS AND METHOD
Shoot bud and young leaves were collected from matured mangrove plants (about 12-15 years) representing five taxa, two of which (Xylocarpus granatum Heritiera fomes and ) are in vulnerable condition. Three taxa ( and ) are Excoecaria agallocha, Bruguiera gymnorrhiza Phoenix paludosa growing profusely in the same regime. Collection Sites (Fig. 1 A-D) were in five different islands in the Indian Sundarbans, namely Sajnekhali (Site II-22° 08′ 48″ N, 88° 50′ 10″ E), Sudhanyakhali (Site III-22° 07′ 35″ N, 88° 48′
Occurrence of secondary metabolites and free radical scavenging (Site V-22° 02′ 25″ N, 88° 42′ 29″ E) and Dobanki (Site VI-21° 58′ 17″ N, 88° 45′ 57″ E). Soil salinity of these Sites were 11.77 ± 2.1, 12.25 ± 1.96, 12.4 ± 1.18, 13.98 ± 2.29 and 15.27 ± 2.17 ppt respectively (Dasgupta et al 2012) . Replicas of all the five species in controlled mesophytic condition at the garden of Indian Statistical Institute, Kolkata (Site I) approximately 2 ppt, (Dasgupta et al 2011) , were also taken for comparative study. Fig. 2 shows the habitat of the five species considered. 
Extraction of Leaf Materials
The plant materials collected from the six Sites were shade dried for a period of 2-3 months. Then they were ground to produce fine homogenous powders using an electric blender. Ten grams of each of the powdered samples was stirred overnight in magnetic stirrer with 100 ml of 95% methanol at room temperature. They were vortexed vigorously for 3-5 minutes, then filtered and centrifuged at 6000Rpm for 15 minutes. This procedure was repeated thrice. Rotary evaporator (Neocool Circulator, CF 300, Yamato) was then used to dry out the supernatant. The concentrated extracts stored at −20°C (Huda-Faujan et al 2009). The working solution was made of aliquots of the extract were dissolved in 95% methanol to achieve 1mg/ml solution.
Secondary Metabolites
Estimation of proanthocyanidin. Sun et al (1998) was followed for assessing total Proanthocyanidin content of the plant material. Different aliquots of the extractants (ranging from 0.05-0.3mg ml ) were taken for -1 this experiment, along with 3ml of 4% vanillin solution and 1.5ml of hydrochloric acid. It was allowed to incubate for 15 minutes at room temperature, following which optical density was measured at 500nm. Catechin was used as the positive control. Result was expressed as Catechin equivalents in mg g of dry material. Occurrence of secondary metabolites and free radical scavenging Estimation of Tannin. Europeans Commission (2000) reference method was followed to determine the total tannin content present in plant material. Different aliquots of the extractant (ranging from 0.05-0.3mg ml ) were -1 mixed with 200µl of freshly prepared 0.35% ferric ammonium citrate, 200µl of 0.8% ammoniac. The absorbance was read at 525nm. Tannic Acid was used as positive control. Tannin content was calculated as Tannic Acid Equivalent (TAE) mg g dry weight.
-1
Antioxidative Ability Assays
Reducing power assay. The method described by Oyaizu (1986) was followed for this assay. A 0.1ml of extract containing different aliquots i.e. 0.05-0.3mg ml concentration of the extract were mixed with 0.1% -1
Potassium hexacyanoferrate and 0.2M phosphate buffer (pH 6.6). 10 percent Trichloro acetic acid was added to the reaction mixture after 20 minutes incubation at 50°C which was then subjected to centrifugation at 3000rpm for 10 minutes. Upper layer of the solution (2.5ml) was next mixed with 2.5ml distilled water and 0.5ml of freshly prepared 0.1% ferric chloride solution. The absorbance was read at 700nm following incubation period of 10 minutes at room temperature. Ascorbic acid was the positive control. Reducing power of the plant samples were expressed as Ascorbic Acid Equivalent (AAE) mg per gram of dry weight.
Determination of the effects on Peroxynitrite. Beckman et al (1994) was followed for synthesis of peroxynitrite (ONOO ). Mixed with 5ml (0.7M) -hydrogen peroxide 0.6M hydrochloric acid, to which on ice bath 5ml of 0.6M potassium nitrite was added for 1 second. Then a 5ml ice cold sodium hydroxide 1.2M was added. Granular manganese dioxide prewashed with (1.2 M) NaOH was used to remove the excess H O . The reaction mixture 2 2 was kept overnight at -20°C. Peroxynitrite solution was pipetted out from the top of the frozen mixture the following day. Concentration of this Peroxynitr ite was measure d by t he absorption measured spectrophotometrically at 302nm (Ɛ = 1670/M cm). Peroxynitrite scavenging activity of the plant extracts were estimated following the Evans blue bleaching assay method as described by Bailly et al (2000) . The reaction mixture had (pH 7.4) 50mM phosphate buffer, Diethelyn Triamine Pentaacetic Acid (DTPA) (0.1mM), 90mM sodium chloride, and 5mM potassium chloride, 12.5mM Evans Blue, 1mM peroxynitrite and different concentrations of the plant extract (0.05-0.3mg ml ) in a final volume of -1 4ml. Absorbance was read at 611 nm following an incubation period of 30 minutes at 25°C. Gallic acid was used as the positive control in this experiment.
Reaction with hypochlorous Acid. Freshly prepared hypochlorous acid (HOCl) was used. 0.6M sulfuric acid was added to 10% solution of NaOCl to adjust the pH to 6.2 and concentration of the formed HOCl were determined using spectrophotometer, absorbance read at 235 nm and molar extinction coefficient 100/M cm (Aruoma & Halliwell 1987 ). 4 ml reaction mixture contained (pH 6.8) 50mM phosphate buffers, 8.4mM HOCl, catalase (7.2mM) and varying concentrations (0.05-0.3 mg ml ) of -1 the plant extract. Reaction mixture was incubated for 20 minutes at 25°C. This scavenging activity was evaluated by measuring the decrease in absorbance at 404 nm. Ascorbic acid was used as positive control.
Hydroxyl radical scavenging activity. The method described by Elizabeth and Rao (1990) was adopted while assessing the hydroxyl radical (OH) scavenging activity of the plant extracts. The radicals were generated by Fenton reaction. This assay is based on the quantification of the 2-deoxyribose degradation product, by its condensation with TBA. 4 ml reaction mixture contained 2-deoxy-2-ribose (2.8mM), potassium phosphate buffer (20mM) pH 7.4, 100mM ferric chloride, 100mM EDTA, 1.0mM hydrogen peroxide, 100mM ascorbic acid and different concentrations (0.05-0.3 mg ml ) of sample. 2ml 2.8% TCA was added to -1 1ml of the mixture after 1 hour incubation at 37°C. Then 2ml 1% aqueous TBA solution was added to the reaction mixture; the reactant was incubated at 90°C for 15 minutes. The absorbance was measured at 532nm. Mannitol was used as positive control.
Nitric oxide radical scavenging. Following Garrat (1964) , nitric oxide (NO) formed from aqueous sodium nitroprusside (SNP) solution at physiological pH produce nitrite ions by interacting with oxygen, which was measured by GriessIllosvoy reaction. Reaction mixture for this experiment had (pH 7.4) phosphate buffered saline, SNP (10mM) and different concentrations (0.05-0.3mg ml ) of test solution. This 3 ml -1 reaction mixture was subjected to incubation at 25°C for 150 minutes. Then 2ml of sulfanilamide (0.33% in 20% glacial acetic acid) was then added to 1ml of the solution, which was then allowed to stand for 5 minutes. Next 2ml of 0.1% Napthyl ethylene diamine dihydrochloride (NED) was added and the mixture was subjected to incubation for 30 minutes at 25°C. Pink chromophore formed as a result of diazotization of nitrite ions with sulphanilamide and succeeding coupling with NED was measured using spectrophotometer at 540nm. Curcumin was used as positive control in the same concentration as the sample.
Singlet oxygen scavenging activity assay. Procedure adopted by Pedraza-Chaverrı´ et al (2004) was followed to measure the production of singlet oxygen ( O ). Singlet oxygen was produced by a reaction among 1 2 sodium hypochlorite and hydrogen peroxide and the RNO bleaching was read at 440nm. Final volume of 4ml contained 45mM phosphate buffer, pH 7.1, 50mM NaOCl, 50mM H O , 10mM RNO 50mM L-histidine and differing aliquots of the test sample (0.05-0.3mg ml-). Reaction mixture was 1 allowed to be incubated at 30°C for 40 minutes and decrease in the absorbance was measured using spectrophotometer. Lipoic acid was used as positive control.
Hydrogen peroxide scavenging activity assay. Protocol adopted following Long et al (1999) orange) was added to this solution. The reaction solution was then mixed using vortex and subjected to incubation at room temperature for 30 minutes. The absorbance was measured at 560nm. Positive control for this experiment was sodium pyruvate.
Superoxide radical scavenging activity assay. Procedure of Fontana et al (2001) was followed for studying Superoxide Radical scavenging activity. It was done for the reduction of tetrazolium nitro blue (NBT). The nonenzymatic phenazine methosulfate -nicotinamide adenine dinucleotide (PMS/NADH) system produces superoxide radicals (O ) that reduce NBT 2− into a purple-colored substance. The reaction solution had (pH 7.4) 20mM phosphate buffer, 50 mM NBT, 73mM NADH, 15mM PMS and different concentrations (0.05-0.3mg ml ) of the sample mixture. The absorbance -1 was measured at 56 nm following incubation for 5 minutes at room temperature. Quercetin was used as positive control.
Scavenging activity of the extract for each of the assay was calculated as:
Here is the absorbance of the blank reaction and is the absorbance of Ac At sample of the extracts.
Ic which expresses the concentration of the plant extract that's 50 required to scavenge 50% of the radicals present was calculated by the following equation in all free radical scavenging assays:
All the samples were assayed in triplicates. These tests were performed thrice a year; in summer, rainy season and winter over a period of three years.
Statistical Analysis
A two-tailed bivariate correlation coefficient (Pearson coefficient) was calculated for assessing the bivariate correlation among the different studied antioxidant characteristics for all the five studied taxa. Different parameters of ROS scavenging activity with the variations of substrate salinity were taken into account. SPSS-12 software was used for this statistical analysis.
RESULTS

Estimation of Secondary Metabolites Estimation of Proanthocyanidin
Proanthocyanidin, known as condensed tannins, belong to the oldest of plant secondary metabolites and are strong antioxidants. Catechin was used as the positive control for this study and the value was expressed as Catechin equivalent mg g dry weight. Proanthocyanidin -1 amount on the contrary was relatively higher in and H. fomes X. granatum than the other three profusely growing taxa, but their amount was found to be highly unstable along the salinity gradient. The total amount of Proanthocyanidin in the three profusely growing taxa increased gradually along the salinity gradient, although very slowly. In the two degrading taxa both the values on the most distant Site along the salinity gradient were extreme. In case of , the amount of this secondary H. fomes metabolite was found to be highest in Site IV at 40.15 at 0.3mg ml -1 extract concentration (Fig. 3a) . It decreased to 24.85 in Site V and again increased to 32.65 in Site VI; both at 0.3mg ml extract concentration. 
Estimation of Tannin
Content of tannin, a potent antioxidant was found to be relatively high in in the six habitats than the rest of the plant species, E. agallocha with the highest being in Site VI at 91.35 at 0.3 mg ml extract -1 concentration. Tannic acid was used as the positive control in this study and the total amount of tannin was expressed as Tannic Acid Equivalent (TAE) mg g dry weight. Total tannin content was very low -1 in the two degrading species, and . The highest H. fomes X. granatum amount was recorded at Site IV in as 33.57 at 0.3mg ml H. fomes extracts concentration, beyond which it started to decrease (Fig. 3b) . The increment was gradual for and ; here B. gymnorrhiza P. paludosa highest amount was recorded at 51.28 and 32.48 respectively at 0.3 mg ml extract concentration. The R values elucidated from the trend line Reducing Power assay
The total reduction capability, where Fe is reduced to Fe , was 3+ 2+
found to be higher in all the five taxa in the saline habitat from their mesophytic counterparts. Reducing power was calculated as Ascorbic Acid Equivalent (AAE) mg/g dry weight, where ascorbic acid was the positive control. Here again the amount of increase was found to be higher and gradual in and than E. agallocha, B. gymnorrhiza P. paludosa the other two, where in the total reducing power started to decrease after the IVth Site (30.15 and 28.98 respectively for and H. fomes X. granatum both at 0.3 mg ml extract concentration). The maximum Results revealed that , and , B. gymnorrhiza E. agallocha P. paludosa steadily increased in the percent inhibition along the salinity gradient (Fig 4a) . But this trend got discontinued at Site IV in and Site III H. fomes in (36.39 and 37.83 respectively at 0.3 mg ml extract X. granatum 
Reaction with Hypochlorous Acid
In this experiment, capacity to react with the Hypochlorous acid of all the plant taxa was examined. The percent inhibitions increased as the substrate salinity hiked in and over E. agallocha, B. gymnorrhiza P. paludosa the mesophytic individuals. But in and , the percent X. granatum H. fomes inhibition recorded were not as indicated in other three taxa, the percent inhibition decreased beyond the Site IV (32.54 and 39.8 respectively at 0.3 mg ml extract concentration) with the increase along the salinity gradient.
-1 Whereas and showed highest E. agallocha, B. gymnorrhiza P. paludosa magnitude of inhibition in Site VI as 46.58, 46.57 and 44.65 respectively at 0.3 mg/ml extract concentration. The positive control Ascorbic acid recorded the highest percent inhibition at 68.57 at 0.3 mg ml -1 concentration (Fig. 5a) . IC values were calculated in all the cases (Fig. 5b) . (Fig. 6a ). 
Nitric Oxide Radical Scavenging
In this experiment, Nitric oxide radical scavenging capacities of all the plants were examined. The percent inhibition increased as the substrate salinity hiked in and over the E. agallocha, B. gymnorrhiza P. paludosa mesophytic individuals. But in and , the percent X. granatum H. fomes inhibitions recorded were not as indicated in other three taxa, where the percent inhibition decreased beyond the Site IV (37.48 and 32.59 respectively at 0.3 mg ml extract concentration) with the increase along the salinity -1 gradient (Fig. 7d) concentration and the lowest for as 0.14 at Site VI also at 0.175mg E. agallocha ml extract concentration. The R values elucidated from the trend line graph In this experiment, Singlet oxygen scavenging capacity of all the plants was examined. The percent inhibition increased as the substrate salinity hiked in and over the mesophytic E. agallocha, B. gymnorrhiza P. paludosa individuals. But in and , the percent inhibitions X. granatum H. fomes recorded were not as indicated in other three taxa, the percent inhibition decreased beyond the Site V and Site IV respectively (42.57 and 43.15 respectively at 0.3 mg ml extract concentration) with the increase along -1 the salinity gradient (Fig. 8a) reflected the usual reverse diagrams (Fig. 8b) . Highest IC was found to be 50 in as 1.44 at Site I at 0.175 mg ml extract concentration and X. granatum Hydrogen Peroxide scavenging capacity of all the plants, were measured. The experiment revealed that and E. agallocha, B. gymnorrhiza P. paludosa showed a steady increase in the percent inhibition along the salinity gradient, but this trend got discontinued at Site IV in and H. fomes X. granatum (23.67 and 38.46 respectively at 0.3 mg ml extract -1 concentration). Beyond these sites the percent inhibition dwindled along salinity gradient. Highest inhibition occurred at Site VI at 53.44 (P. paludosa B. gymnorrhiza E. agallocha ), 48.22 ( ) and 48.24 ( ). The positive control Sodium pyruvate recorded the highest percent inhibition as 74.15 at 0.3mg ml concentration (Fig. 9a) . Incidence of 50% inhibition (IC ) of -1 50 cation radical scavenging depicted reverse picture of percent scavenging (Fig. 9b) . Highest IC was found to be in at 1.44 at Site I at 50 X. granatum 0.175mg ml extract concentration and the lowest for as Scavenging capacity of the plants for the individual reactive oxygen species were assessed for better understanding of the ROS scavenging ability of these halophytes. Superoxide radical scavenging capacity increased for all the five species in Sundarbans habitat than their non-saline counterpart. In this assay, and showed a gradual E. agallocha, B. gymnorrhiza P. paludosa increase in the percent inhibition along the salinity gradient. But this trend got discontinued at Site IV in and at Site V in (23.67 and H. fomes X. granatum 39.48 respectively at 0.3 mg ml extract concentration), beyond these Sites -1 percent inhibition dwindled along the salinity gradient. Highest inhibition occurred at Site VI as 51.55 ( ), 48.24 ( ) and 48.22 ( P. paludosa E. agallocha B. gymnorrhiza). The positive control Quercetin should the highest percent inhibition at 94.26 at 0.3 mg/ml concentration (Fig. 10a) . Incidence of 50% inhibition (IC ) of cation radical scavenging depicted reverse picture of 50 percent scavenging (Fig. 10b) . Highest IC was observed in as 50 X. granatum 1.44 at Site I and lowest in as 0.18 both at 0.175 mg ml extract P. paludosa Relationship between Substrate Salinity and Radical scavenging ability A bi-tailed bivariate correlation coefficient (Pearson coefficient) was calculated among soil substrate salinity and each of the earlier presented parameters (Table 1 ). The analysis showed a strong correlation between the two secondary metabolites estimated and soil salinity for the three profusely growing taxa, and . i.e. E. agallocha, B. gymnorrhiza P. paludosa Both the parameters produced a correlation significant at 0.01 levels; except of correlation among Proanthocyanidin and salinity in , P. paludosa wherein correlation significance was at 0.05 levels. Relatively lesser correlation was observed in and , correlation (0.05 H. fomes X. granatum level) Proanthocynadin and salinity. Significant correlation was observed among the 7 antioxidative assays and salinity in B. gymnorrhiza, E. agallocha P. paludosa and . However level of significance of correlation between the antioxidative assays and salinity was found to be relatively very low in and . Correlation at 0.05 levels was H. fomes X. granatum observed for superoxide with soil salinity for for singlet oxygen H. fomes with salinity for . X. granatum 
DISCUSSION
The present work demonstrated the amount of total Tannins, Proanthocyanidin and free radical scavenging ability of three profusely growing and two IUCN red listed mangrove species from five different islands of Indian Sundarbans with varying substrate salinity. Mesophytic complements of these five species were also considered as natural control. Incidence of total tannin showed strong positive correlation among all the three profusely growing taxa and i.e. B. gymnorrhiza, E. agallocha P. paludosa along the salinity gradient. There was no significant correlation with and In the later two species the total H. fomes X. granatum. concentration of tannin increased up to a certain limit (Site IV) along the salinity gradient, beyond which it started to decline. The concentration of tannin also depicted the same trend in these two stressed plants. Tannin or tannic acid is a plant polyphenol (King & Young 1999) which is considered as a potent antioxidant (Wu et al 2004) . Delgado-Andrade et al (2005) reported that tannic acid suppressed the formation of hydroxyl radical.
Proanthocyanidin, widespread in woody plants, are known as condensed proteins They belong to the earliest detected plant . metabolites. They are a group of naturally produced polyphenolic bioflavonoids, explicitly oligomers of polyhydroxy flavan-3-ol units, such as catechin and epicatechin (Porter 1993) . Proanthocyanidin possess biological, pharmacological, therapeutic, and chemoprotective properties against ROS and oxidative stress (Mansouri et al 2011 , Sharma et al 2004 . In the present experiment Proanthocyanidin concentration showed a strong positive correlation with all the five plant species investigated. Although, the correlation was found to be significant at P≤ 0.01 for all the three growing taxa, while significant at P≤ 0.05 for the two stressed plants. Both the amount as well as the increment in Proanthocyanidin concentration was found to be highest in up to Site IV, after which it H. fomes declined. In case of , except of Site IV, steady increment in X. granatum concentration was registered along the salinity gradient.
Free radicals are molecules or ions having unpaired and unstable electrons and have high affinity towards chemical reaction. In plant system they comprise of Reactive oxygen species, reactive nitrogen species and reactive sulfur Species. ROS can either persist as radicals containing at least one unpaired electron or as reactive non-radical component, both capable of oxidizing other biomolecules. The enhanced productions of different ROS molecules during various stressed conditions inhibit the photosynthetic processes due to absorption of excess PAR which is required during the photosynthetic processes. In such scenario, over reduction of the photosynthetic electron transport chain and amassing of triplet chlorophylls stimulate leakage of electrons energy to oxygen. This ultimately cause damage to macromolecules, including lipids and proteins, resulting in decreased photosynthetic proficiency leading to ill growth (Triantaphylidès et al 2009 that transmits energy to oxygen, forming singlet oxygen (Knox, Dodge 1985) . This is electrophilic and targets compounds with electron-rich functions and profoundly substituted double bonds including unsaturated fatty acids causing lipid peroxidation, histidine, methionine, tryptophan and guanine are oxidized In the present experiment the percent inhibition . of singlet oxygen was found to be in strong positive correlation with salinity for the three growing taxa. But in it decreased after Site V, H. fomes whereas for it decreased after Site IV. Site Energized oxygen X. granatum ( O ) has major role in photo oxidative stress induced cell death. reaction (Halliwell & Gutteridge 1989) . OH damages cell by reacting with polyunsaturated fatty acid moieties of cell membrane phospholipids (Khan et al 2012) . This radical can react with almost every biological molecule and any constituent cells. Since there is no enzymatic mechanism for elimination of this radical, excess production of (OH) ultimately leads to cell death (Vranova et al 2002 (Kulcharyk et al 2001) . In this experiment, all the radicals and biologically active molecule found to be in strong relationship with the salinity gradient for the three profusely growing taxa. But the two stressed taxa in every instance exhibited increment up to certain level along the salinity gradient, but in excess salinity (Site IV & Site V) Site, it started to decrease.
Nitric oxide generated by nitric oxide synthases is the primary source of RNS. NO is an endogenous maturing and senescence factor in higher plants (Leshem et al 1996) . They can react with a variety of intracellular and extracellular targets due to their short lived, readily diffusible nature, resulting in cell death. Peroxynitrite (ONOO ) is produced by reaction of -superoxide anion radical with NO, which is much more reactive than its precursors. They can initiate lipid peroxidation reactions by removing a hydrogen atom from a polyunsaturated fatty acid and form nitrated lipids (Rubbo et al 1994) . They can also induce DNA damage (Dedon et al 2004) , protein oxidation and nitration (Ischiropoulos et al 1995) , apoptosis and necrosis (Virag et al 2003) .
In the present experiment it was evident that B. gymnorrhiza, E. agallocha P. paludosa and , which are growing profusely in the Indian part of the Sundarbans mangrove forest have better radical scavenging mechanism than and R values which defines the H. fomes X. granatum.
2 fitness of curve also showed the same trend. Excess ROS scavenging is an important aspect for successful adaptability of any plant in the Sundarbans' present day elevated saline environment. This result is in accord with the earlier works (Dasgupta et al 2012, 14) where the polyphenol level and antioxidant enzyme level for the three growing taxa had showed strong positive correlation with increasing salinity, unlike the two stressed members. The cumulative effect of all these factors might be responsible for the current lean existence of and in H. fomes X. granatum Indian Sundarbans. These findings would be relevant marks for selection of comparatively more adapted plant taxa in abiotic stressed condition in relation to occurrence of secondary metabolites and efficiency in radical scavenging ability.
CONCLUSION
All the three species growing profusely, namely B. gymnorrhiza, E. agallocha P. paludosa and showed higher level of secondary metabolites concentration, which increased gradually along the salinity gradient. Whereas the two lean species, and showed weaker H. fomes X. granatum response towards higher salinity in term of radical scavenging ability. This phenomenon can be attributed towards their inferior adaptability in present day's high salt concentration in Indian Sundarbans region, which ultimately may have resulted in their precarious existence status.
